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ledmicaLEield 

The present invention relates generally to communication methods and systems 
and in particular to communication methods and systems implemented using CATV 
(Cable TeLevision) systems. 



Cable television (CATV) systems were originally intended to deliver analog 
television signals to homes in an essentially unidirectional manner. However, the 
coaxial cable used to carry these signals can support bidirectional transmission of 
signals, /.<?., transmission both to and from the home. As a result, cable television 
companies have begun to provide data communications services to meet consumers' 
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growing demand for high speed data transmission over computer networks, such as the 
Internet, 

Devices known as cable modems have been developed to convert digital data to 
a modulated radio frequency (RF) signal and vice versa, for transmission on a CATV 
5 system. This conversion is performed both by a cable modem at the subscriber's home 

and, on the other end* by headend equipment handling multiple subscribers. Thus, the 
subscriber receives data from a computer network using a downstream channel and 
transmits data to the network using an upstream channel. 

As computer networks deliver increasing amounts of concent to users, a need 

10 has arisen for increased throughput and communications robustness. It is also essential 
that communications equipment operate over a wide range of channel impairments, 
which can include, for example, ingress noise, burst noise, impulse noise* linear 
distortions, non-linear distortions, and adjacent channel interference. Moreover- the 
different types of services that use CATV systems give rise to additional needs. For 

1 5 example, for data sendees, such as Internet access, a high packet throughput and a low 

packet error rate are primary considerations, For such applications, low delay is not a 
key consideration. For multimedia services, such as speech, video, and telephony, 
however, low delay is the primary consideration. It is desirable to minimise the periods 
of a high bit error rate (BER) for these applications. Additionally, compatibility wife 

20 existing standards and equipment is important for all applications. 

Summary pf f fa T nyeritipn 
According to one embodiment of the present invention, a transmission 
arrangement is used for transmitting a data signal using a cable television transmission 
25 medium. An encoder encodes an input data scream as an encoder output signal. 

Adjacent channel interference in this signai is then reduced using a transmission filter 
arrangement, thereby generating a filter output signal. A modulator modulates the filter 
output signal to generate a modulated radio frequency signal for transmission using the 
cable television transmission medium. Another embodiment is directed to a 
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communication system that, in addition to the above, includes a receiver arrangement 
that generates a stream of detected data based on the received modulated radio 
frequency signal. 

Yet another embodiment of the present invention is directed to an analog front 
5 end arrangement for use in the communication system. The analog front end 

arrangement comprises a plurality of band pass filters coupled to receive a modulated 
radio frequency signal. Each of the band pass filters is centered around a different 
frequency. The sample rate is less than the Nyquist rate so as to cause aliasing 
deiiberaccly. A multiplexer receives output signals from the band pass filters and 
I 0 couples a selected one of the band pass filter output signals to an output of the 

multiplexer. An analog to digital converter provides a digital signal, generated as a 
function of the output of the multiplexer and a clock signal, to a digital receiver. 
Sample rate logic provides, as a function of the center frcqeueucy, a select signal to the 
multiplexer, a rate parameter to the clock signal generator, and a spectrum inversion 
15 indication to the digital receiver- 

Other embodiments are directed to methods for transmitting or communicating a 
data signal using a cable television transmission medium. 

Another aspect of the present invention provides methods and arrangements for 
robust communications over noisy communications channels using data retransmission 
20 and/or diversity techniques. In one particular embodiment, a communication 

arrangement includes an encoder that reproduces a symbol or FEC block represented by 
a segment of an input data stream a predetermined number of times. A transmission 
arrangement having a plurality of transmission channels transmits each reproduced 
symbol or FEC block using a distinct transmission channel- A receiver performs soft- 
25 combining of signals received from the outputs of the transmi ssion arrangement. 

The present invention can be implemented in full compliance with current 
network specifications and/or on top of the existing specifications in a manner that 
enables co-existence of advanced modems designed according to the present invention 
with current modems. 
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Brief Description of the Drawings 
In the drawings, in which like reference numbers represent like components 
throughout the several views, 

Figure I depicts a' CATV digital communications system operative according to 
5 the Data Over Cable Service Interface Specification (DOCSIS) protocol; 

Figure 2 depicts a frequency grid over an upstream channel of a CATV network 
operative according to the MCNS specification; 

Figure 3 depicts a reduced channel spacing frequency grid of the upstream 
channel that can be used in conjunction with the MCNS specification according to an 
1 0 embodiment of the present invention; 

Figure 4 depicts a simplified block diagram of a communications apparatus 
constructed and operative for upstream CATV applications according to an embodiment 
of present invention; 

Figure 5 depicts an example of an adaptive equalizer that can be used in 
1 5 conjunction with the embodiment depicted in Figure 4; 

Figure 6 depicts an example decoder structure thai can be used in conjunction 
with the embodiment depicted in Figure 4; 

Figure 7 depicts an example structure of a modified Reed-Solomon decoder that 
can be used in conjunction with the embodiment depicted in Figure 4; 
20 Figure 8 depicts a structure of an analog front end that can be used in 

conjunction with the embodiment depicted in Figure 4; 

Figure 9 depicts a structure of a modified slicer that can be used in conjunction 
with the embodiment depicted in Figure 4; 

Figure 10 depicts a general scheme employing diversity or retransmission 
25 techniques, or both, over different MCNS channels; 

Figure 1 1 depicts a signal retransmission technique that can be used in 
conjunction with the embodiment depicted in Figure 10; 

Figures 12A-12B depict two example symbol mapping schemes that can be used 
in conjunction with the retransmission technique depicted in Figure 1 1; 
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Figure 13 depicts an example signal diversity technique that can be used in 
conjunction with the embodiment depicted in Figure 10; and 

Figure 14 depicts a symbol mapping scheme that can be used in conjunction 
with the signal diversity technique depicted in Figure 13. 
5 The invention ts amenable to various modifications and alternative forms. 

Specifics thereof have been shown by way of example in the drawings and will be 
described in detail. It should be understood, however, that the intention is not to limit 
the invention to the particular embodiments described. On the contrary, the intention is 
co coverall modifications, equivalents, and alternatives falling within the spirit and 
10 scope of the invention as defined by the appended claims. 

retailed Description 

The present invention is applicable to a variety of communications networks 
operating bver a cable television (CATV) infrastructure, An appreciation of various 

1 5 aspects of the invention can be gained through a discussion of various application 

examples operating in such an environment- 
According to one example embodiment of the present invention, channel 
throughput and communications robustness are increased in the upstream or return 
channel of a CATV network. A filter arrangement is used to reduce interference 

20 between adjacent frequency channels, facilitating the use of a frequency grid 

characterized by reduced channel spacing. 

Referring now to the drawings. Figure 1 depicts a CATV digital communication 
system embodying the present invention and operating according to the MCNS 
specification. For additional information regarding this specification, reference is made 

25 to Data-Over-Cable Interface Specifications; Radio Frequency Interface Specification 

SF-RFll 01-97032 1 . published by MCNS Holdings, L.P. on March 21. 1997 
(hereinafter referred to as the MCNS specification). The system includes one or more 
cable modems (CMs) tOla, 101 b and a CATV transmission medium 102. It should be 
noted that, while Fignre 1 depicts two CMs, a greater or lesser number of CMs can be 
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present in the system. A cable modem terminating system (CMTS) 103 > which is part 
of CATV head-end equipment 104, is present at the other side of the network. 
Information is transmitted from the CMTS 103 to the CMs 101 using a downstream 
channel 105, and from the CMs 101 to the CMTS 103 using an upstream channel 106. 

The CMs 10 1 a, 10 lb include upstream transmitters 107a 3 107b that receive 
input data 108a, L08h and transmit the input data 108a, 108b using a Quadrature Phase 
Shift Keyring/Quadrature Amplitude Modulation (QPSK/16QAM) modulation scheme 
with a configurable transmission pulse, pre-equalizer parameters, power level) carrier 
frequency, symbol clock, and Reed-Solomon forward error correction (FEC) code 
parameters. Transmission is performed in a burst mode frequency/time division 
multiplexing access (FDMA/TDMA) scheme in which each CM 101 transmits requests 
for bandwidth allocation, and in which a channel allocator 109 sends control messages 
to the CMs 101 via the downstream channel 105, indicating the time period in which 
the addressed CM 101 can transmit. The CM 101 is capable of modifying its signal 
parameters, including transmission power* carrier frequency, transmission pulse, and 
pre-equalizer parameters, according to these control messages from the channel 
allocator 109. 

The CMTS 103 includes a receiver 110 and The channel allocator 109. The 
receiver 110 detects the information bits fed into the inputs 108a, 108b of the upstream 
transmitters 107a, 107b* The receiver 1 10 then estimates the parameters of the received 
signals, and outputs these parameters to the channel allocator 109. The channel 
allocator 109 then allocates frequency ranges and configures transmission parameters 
for the individual CMs 101 in a manner that will make efficient use of the channel 
bandwidth and that will enable the receiver to detect the signals properly, 

Figure 2 depicts a frequency constellation of a CATV network operative 
according to the MCNS specification. Signals 2Ola-201 c have the same nominal 
symbol rate, while signal 201d has a larger symbol rate, and signal 201e has a lower 
symbol rate. The nominal bandwidrh of each signal 20la^20Ie is 1,25 times its 
respective symbol rate. 
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Figure 3 depicts an example of a reduced channel spacing frequency grid with 
which the present invention can be used. The channel spacing is less than the signal 
band width, which is 1 ,25 times the symbol rate of the signals. Such a system uses 
overlapped transmission scheme, such as that disclosed in U.S. Patent 5,710,797, issued 
on January 20, 1998, assigned to the instant assignee, and entitled METHOD AND 
APPARATUS FOR DIGITAL COMMUNICATION IN THE PRESENCE OF 
CLOSELY SPACED ADJACENT CHANNELS, the disclosure of which is hereby 
incorporated by reference in its entirety. 

Referring now lo Figure 4, a simplified block diagram is depicted of a 
communications apparatus constructed and operative for upstream CATV applications 
according to a particular embodiment of the present invention, The apparatus of Figure 
4 includes a transmitter 401 that transmits a digital communication signal 402 through 
an upstream channel 403. The transmitter 401 comprises an encoder 404, a 
transmission filter 405, ond a modulator 406, The transmission filter 405 comprises* 
cascade of a spectral shaping filter 407, a square-root raised cosine filter 408, a fixed 
shaping filter 409 a and a trained prc-equalizer 410. This transmission structure may be 
supported by the current MCNS specification, and therefore may be supported by 
current MCNS implementations. 

The encoder 404 can include any Forward Error Correction (FEC) code, such as 
Reed-Solomon encoding. The encoder 404 optionally uses an interleajver within the 
packet in order to counteract impulse/burst noise. Using an interleaver in this manner, 
however, involves modifications that may not be consistent with existing DOCSIS 
specifications. Alternate signal constellations can be used instead of those specified in 
the MCNS specification. Examples of such alternate signal constellations include, but 
are not limited to, pi/4*QPSK, offse^QFSK, 8PSK, 32QAM, 64QAK 128QAM. and 
256QAM. The choice of a particular signal constellation is dependent on channel 
conditions, Tomlinson preceding can also be used to avoid a DFE at the receiver41 1 , 
but this technique also involves modifications that may not be consistent with existing 
DOCSIS specifications. 
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According to a particular implementation, the spectral shaping filter 407 
comprises a duo-path filter (i*ccz* N 9 where a can be a complox number) or any other 
prc-equalizer that can be used to achieve an approximation to the water-pouring spectral 
density in conjunction with a DFE receiver, e.g. for elimination of narrow- 

5 band interference at ta 0 . The purpose of the shaping filters 407, 408. and 409 is to 

reduce adjacent channel interference (ACI) to facilitate the use of a frequency grid 
characterised by reduced channel spacing. 

The fixed shaping filter 409 is designed for a more or less known level of 
signal-to-noise (SNR) ratio and Signal-to-lnterferencc (C/l) ratio, and may be loaded 
10 during ranging when the C/J and SNR are assessed, The trained pre-equalizer 410 

performs essentially the inverse 1/H of the transfer function H of the upstream channel 
403 and is trained at the receiver 411, where the parameters describing the upstream 
channel 403 are transmitted to the CM 101 through a downstream channel 105 of 
Figure 1. ' 

15 The transmitted signal 402 is impaired by the linear distortion H of the upstream 

channel 403. by non-linear distortions, and by additive noise sources, including ingress 
noise and adjacem channel interference. The effects of ingress noise and adjacent 
channei interference are conceptually illustrated in Figure 4 as surnrrung blocks 412 and 
41 3 f respectively. 

20 The receiver 41 1 includes an analog front end 420, a demodulator 421, and a 

modified matched filter (MMF) 414, which performs a convolution of a square-root 
raised cosine filter 41 5 and a pre-calculated filter 4 1 6 working at N times the symbol 
rate (e.^. N=2)- The MMF filter 414 can be loaded from a table according to the 
estimated C/I and SNR. It should be noted that the pre-calculated filter 416 can be 

25 jointly designed with the transmission filter 405 to improve the overall SNR and C/I at 

the receiver 411, The output of the MMF 4 L 4 is provided to an adaptive equalizer 4 1 7, 
followed by a decoder 4 IS, which may include additional filtering, a Viterbi detector, 
and a FEC decoder. 
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The MMF 414 can be designed to have low side Jobes in the time domain. This 
is a deviation from an ideal square-root raised-cosine pulse. This deviation might be 
compensated for by the pre-cqualizcr 410. The reduction in side lobes in the time 
domain can also prevent the propagation of an impulse noise to symbols that were not 
5 originally hit by the impulse. 

Figure 8 depicts an example implementation of an analog front end 420, This 
implementation includes a filter bank 801 of band pass filters (BPFs) SO la, 801b, « . 
80 In. Each EPF SOI is centered around a different frequency. The output of the BPFs 
801, denoted in Figure S with reference numerals 804a, 804b, . . „, 804n, is input into an 
10 analog multiplexer 802, Sample rate logic 815 generates a select signal 803 as a 

function of the center frequency. The select signal 803 selects which of the BPF 
outputs 804 is coupled to an output 805 of the multiplexer 802. 

A parameter F s , also generated by the sample rate logic 8 1 5 as a function of the 
center freqbeney and denoted with reference numeral 806, defines the sample rate of an 
] 5 analog to digital converter (ADC) 809 and is provided by a clock generator 8 1 0. In this 

embodiment, the sample rate can be smaller than the Nyquist rate and can be chosen 
such that deliberate aliasing will shift the center frequency of the desired signal from its 
original frequency F M , which can be greater than to a new frequency F^ s such that 
F cb is less than Thus, deliberate aliasing facilitates the use of discrete ADC 
20 components to sample signals having a frequency greater than half the frequency of the 

ADC It will be appreciated by those skilled in the art that, when aliasing occurs due to 
uudersampling, the digital receiver 808 should compensate for it. Accordingly, the 
sample rate logic 815 also provides a spectrum inversion indication 820 to the digital 
receiver 808 to indicate that undersampling has occurred. 
25 An example of an adaptive equalizer is depicted in Figure 5. The adaptive 

equalizer of Figure 5 is an adaptive Decision Feedback Equalizer (DFE) operating in a 
noise prediction configuration SOL and it may be preceded by an adaptive FSE 502. By 
using the adaptive FSE 502, the magnitude of the DFE taps can be reduced using tap 
leakage procedures, thus reducing DFE error propagation. To avoid any error 
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propagation ar all, the adaptive FSE only can be used, completely avoiding the DFE. 
The equalizer taps are modified by a Linear Mean Square (LMS) approach. It can be 
trained during the ranging phase of the CMTS and/or pre-loaded using prior knowledge 
of channel spacing, and perhaps C/I and SNR. 
5 Figure 6 depicts the structure of the decoder when a duo-path pulse l+azT N , 

where a can be a complex number, is used. An equalizer 601 is adjusted to achieve a 
sum of two symbols at its output. The output of the equalizer passes through a 1+az"* 
filter 602 f and then goes to a Viterbi detector 603 . For example, if the encoder output 
41 9 in Figure 4 is QPSK symbols ±l±, then the modified slicer 604 of the DFE searches 
1 0 for constellation points 1+jQ, where I and Q can have values of 2, 0, and -2. The 

adaptive DFE 605 is trained to minimize the error between the slicer input and the sheer 
output. 

The complexity of the Viterbi is 4 states and 16 branches per QPSK symbol and 
16 states dnd 256 branches in I6QAM, As an alternative, a reduced 16QAM version of 

15 4 states and 16 branches per symbol can be used. 

It should be noted that, instead of a DFE, advance equalization techniques such 
as a maximum likelihood sequence estimator (MLSE) can be used. The idea here is to 
implement noise prediction and compensation of deliberate ISI due to transmission 
pulse using a reduced Viterbi equalizer. 

20 The FEC decoder 606 can be implemented using a conventional Reed-Solomon 

decoder, assuming this is the code being used in the system, Alternatively, on$ can use 
the configuration depicted in Figure 7, where the burst noise identifier 701 identifies an 
exceptional data point based on inputs from an Analog Front End (AFE) 702 and a 
QPSK/ 1 6Q AM receiver 703 and analyzes the presence and the length of noise burst. 

25 The Reed-Solomon decoder 704 uses erasures for the data bytes that are suspected to be 

affected by noise. 

The exceptional data points are detected by either sanitations or very Large 
values of the data at the signal path (c-g-., at the slicer input), a sequence of large error 
values at the slicer, or yielding of different symbol decisions for the two signals in 
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retransmission mode. The receiver has a state machine that estimates burst duration 
according to the indication of exceptional data points and puts the Reed-Solomon 
decoder in an erasure mode during the burst. In addition, the receiver performs clipping 
of signals with exceptionally large magnitudes, 
5 The present invention can be used in conjunction with reduced spaced signal 

constellations, such as that depicted in Figure 3, by following the procedures described 
in U.S. Patent 5,710,797, In particular, the algorithm may iterate as follows. For a set 
of overlapping signals, the previously processed signal is subtracted from the received 
signal. A signal is then detected using the receiver 410 and is rernodulatcd. The 

10 algorithm should start with the signal having the best C/l and SNR, which is typically 

the strongest signal, or a signal that has only one overlapping ACI, rather than two. 

Pairs of severely interfering signals may be jointly detected using an encoded 
joint maximum likelihood approach, as part of the iterations of a method, the general 
procedure of which is outlined in U.S. Patent 5,710,797. The joint maximum likelihood 

1 5 procedure involves a Viterbi-like algorithm for which a trellis diagram with a branch 

metric is defined. The complexity of such an approach, based on a memory constraint 
of three symbols for each signal, is 16 states and 256 branches per symbol with QSPK 
and 256 states and 64K branches per symbol in 16QAM, The number of transitions can 
be significantly reduced using a reduced state Viterbi algorithm, e.g., by discarding 

20 states in the trellis diagram that are unlikely for the current signal sample. The 

algorithm then selects a survivor path for each of the remaining new states based on the 
cumulative metric for all possible paths entering the new state from the previous states, 
followed by the selection of the leading path, and detection of the information bits. The 
algorithm then discards unlikely new states based on the cumulative metrics. 

25 The present invention can also be used in conjunction with a frequency hopping 

scheme, using joint frequency/time axis forward error correction and interleaving. 

As part of the signal acquisition stage, in which the received signal parameters 
are estimated, the receiver 4 1 1 makes use of a preamble field in a data packet. In the 
presence of impulse and burst noise, the preamble should be longer than the duration of 
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the longest error burst that can be recovered by the receiver (*'.&, at least 2t bytes if 
Reed-Solomon block code (N-t,N) is used, where N is the block size. The preamble is 
split into sections, and the receiver identifies sections that are noisy, for example, 
according ro the residual error between the incoming signal and the expected signal 
according to the known training data and estimated parameters. Sections that are noisy 
due to impulse or burst noise are neglected. 

In case the receiver is capable of recovering a very long error burst, in 
particular, if interleaving is used, then the packet structure PDDDPDDDD...D mey be 
used, where P is a preamble section and D is a data section. The distance between P 
sections will be larger then the maximum burst length that can be received. 

Acquisition performance can be severely affected by narrow-band interference, 
such as ingress noise, e.g., narrowband interference, or partially overlapping channels. 
Thus, it is particularly advantageous to use a preamble that has low spectral density at 
frequency regions of high noise and high spectral density at frequency regions of low 
noise. This can be achieved using a pre-equalizer in the transmitter, or by using a non- 
while sequence of symbols. As a result, the interference of the transmitted preamble 
into overlapping adjacent channels will be reduced, enabling robust acquisition of 
overlapping signals. 

Figure 9 depicts a modified slicer structure that can be used in connection with 
the communication apparatus of Figure 4. In this modified slicer structure, a slicer 901 
produces an estimate 902 of the original transmitted symbol 419 of Figure 4. This 
estimate is filtered by a digital filter whose response is aZ", that is, delayed by n taps 
and multiplied by a, where a can be a complex number. An output 909 of the filter 905 
is subtracted from the next input sample 902 by a subtracter 903 to generate a sheer 
input 906. The output 909 is also summed with a slicer output 907 by a summer 904 to 
generate a modified sheer output 908. In receivers where an error estimate is needed 
for adaptation, such an estimate can be calculated by subtracting the slicer output 907 
from the slicer input 906 or by subtracting the modified slicer output 908 from the 
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estimate 902. The latter calculation method realizes improved robustness for error 
propagation. 

According to another embodiment of the present invention* channel throughput 
and communications robustness are increased using re-transmission techniques and/or 
5 diversity techniques. These techniques are particularly useful when the receiver is 

incapable of detecting the transmitted data from a single transmission. There are 
different MCNS channels, e.g.* different time slots or different carrier frequencies. 

Figure 10 depicts a general scheme that utilizes diversity and/or retransmission 
techniques over different MCNS channels according to this embodiment of the present 

10 invention. A I;N rate encoder 1001 reproduces the current symbol or the current FEC 

block N times. Each reproduced symbol or block is transmitted using N MCNS signals 
1002 to be communicated to the CMTS 103 of Figure 1 over N different channels 1003, 
It will be appreciated that the N channels represent physical (e.g., different carriers) 
and/or logical channels and can overlap in frequency. Outputs 1004 of the N channels 

15 are provided to a receiver 1005, which performs weighted soft-combining of the 

received signals 1004. The soft-combining comprises Mean Squared Error (MSE) 
estimation as well as identification of burst noise within the packet, followed by 
weighted or selective combining, as appropriate. The receiver can also incorporate joint 
equalization of the received signals, 

20 sysrem in Figure 10 can also be interpreted as a retransmission technique in 

which the first MCNS signal transmitted over the first channel is the original message 
and all subsequent messages are requested by the CMTS 103 of Figure 1 one, or 
several, at a time ro be retransmitted. According to a specific embodiment, a soft- 
combining method is applied to all the received messages, 

15 For cample, a retransmission request, possibly at a different carrier, can be sent 

from the CMTS 103 to the CM 101 of Figure 1 via the downstream channel 105 only if 
a Reed-Solomon block is received incorrectly, If a Reed-Solomon block is received 
incorrectly, then instead of requesting retransmission, the CMTS 303 tells the CM 101 
what it received, so that the CM 101 can send to the CMTS 103 a short correction 
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message rather than sending The whole packet again, For example, the CMTS 103 may 
send back to the CM 101 an indication of the quality level of the detected symbols or 
the detected symbols themselves. Since the downstream channel 105 is much wider 
and more reliable than the upstream channel 1 06, this approach may be preferable, 
5 Figure 1 1 depicts a particular retransmission scheme in which a different 

mapping for 16QAM is used for the retransmission. Two symbol mapping schemes are 
illustrated in Figures 12A-12B, in which Al A2 r A3, A4, Bl. B2. B3, B4. CI, C2, C3, 
C4, Dl, D2, D3 T and D4 represent the sixteen combinations of four bits. 

Figure 13 depicts a signal diversity system. In this system, two information bits 

10 [b!(n) b2(n)] 5 denoted by reference numeral 1301, per symbol are transmitted. The 

symbols are 16QAM and are mapped using a signal mapping block 1302 as a function 
of [bl(n) b2(n) bl(n-D) b2(n-D)], where D is a delay introduced by a delay block 1303. 
Figure 14 depicts an example mapping scheme. 

Using this approach, bursts of length D symbols can be recovered. In this 

1 5 approach, the carrier frequency may change between two transmissions of the same 

data. This change in carrier frequency can be used to protect: from narrow band 
interference. 



Although specific embodiments have been illustrated and described herein, it 
will be appreciated by those of ordinary skill in the art that any arrangement which is 
calculated to achieve the same purpose may be substituted for the specific embodiments 
shown. Many adaptations of the invention will be apparent to those of ordinary skill in 
the art. Accordingly, this application is intended to cover any adaptations or variations 
of the invention. It is manifestly intended that this invention be limited only by the 
following claims and equivalents thereof. 
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What is claimed is; 

1 . A transmission arrangement for transmitting a data signal using & cable 
television transmission medium, the transmission arrangement comprising: 

an encoder configured to encode an input data stream as an encoder output 

signal; 

a transmission filter arrangement, responsive to the encoder output signal and 
configured to reduce adjacent channel interference in the encoder output signal and to 
generate a filter output signal; and 

a moduIator 3 configured to modulate the filter output signal, generating a 
modulated radio frequency signal for transmission using the cable television 
transmission medium, 

2. A transmission arrangement, according to claim 1 , wherein the encoder is 
configured to encode the input data stream using a forward error correction code, 

3 . A transmission arrangement, according to claim 2. wherein the forward error 
correction code is a Reed-Solomon encoding scheme. 

4. A transmission arrangement, according to claim 1, wherein the encoder 
comprises an interleaver configured to counteract at least one of impulse noise and 
burst noise. 

5. A transmission arrangement, according to claim I, wherein the transmission 
filter arrangement comprises a spectral shaping filter a square-root raised cosine filter, 
a fixed shaping filter, and a trained pre-equalizer arranged in a cascaded configuration. 
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6, A transmission arrangement, according to claim S, wherein the spectral shaping 
filter is configured to eliminate the effect of narrow band interference et a selected 
frequency, 

7. A communication system for communicating a data signal using a cable 
television transmission medium, the communication arrangement comprising: 

an encoder configured to encode an input data stream as an encoder output 

signal; 

a transmission fiker arrangement, responsive to the encoder output signal and 
configured to reduce adjacent channel interference in the encoder output signal and to 
generate a filter output signal; 

a modulator, configured to modulate the filter output signal, generating a 
modulated radio frequency signal for transmission using the cable television 
transmission medium; and 

a receiver arrangement coupled to receive the modulated radio frequency $ignal 
and configured to generate a stream of detected data based on the received modulated 
radio frequency signal. 

8. A communication system, according to claim 7, wherein the receiver 
arrangement comprises: 

an analog front end arrangement, configured to sample a desired signal from ihe 
received modulated radio frequency signal at less than the Nyquist rate and to cause 
thereby a shift in a center frequency of the desired signal from an initial frequency to a 
lower frequency; 

a modified matched filter configured to perform a convolution of a square-root 
raised cosine filter and a pre^calculated filter and to generate a modified matched filter 
output signal: 

an adaptive equalizer, responsive to the modified matched filter output signal 
and configured to generate an equalizer output signal; end 
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a decoder, responsive to the equalizer output signal and configured to decode 
the equalizer output signal and to generate the stream of detected data. 

9. A communication system, according to claim 8, wherein the analog front end 
arrangement comprises! 

a plurality of band pass filters coupled to receive the modulated signal, each of 
the band pass filters centered around a different frequency; 

a multiplexer coupled to receive output signals from the band pass filters and to 
couple a selected one of the band pass filter output signals to an output of the 
multiplexer; 

an analog to digital converter, responsive to the output of the multiplexer and to 

an output of a clock signal generator and configured to provide a digital signal, 

generated as a function of the output of the multiplexer and the output of the clock 
i 

signal generator, to a digital receiver. 

10, A communication arrangement, according to claim 9, wherein the analog front 
end arrangement further comprises sample rate logic configured to provide, as a 
function of the center frequency, a select signal to the multiplexer, a rate parameter to 
the clock signal generator, and a spectrum inversion indication to the digital receiver, 

1 h A communication system, according to claim 8, wherein the adaptive equalizer 
comprises an adaptive decision feedback equalizer. 

12. A communication system, according to claim 8, wherein the pre-calculatod filter 
comprises 

a pre-equalizcr 4 configured to reduce interference attributable to at least one of 
ISI and ingress noise associated with a communication channel, and 

a I-*-az~* filter, coupled to the output of the pre-equaliror and configured to 
generate a filter output signal; 
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and wherein the receiver arrangement comprises 

a Vitcrbi decoder,, configured to generate a Viterbi decoder output signal as a 
function of the filter output signal; and 

a forward error correction decoder, configured to generate a corrected decoder 
output signal in response to the Viterbi decoder output signal. 

13. A communication system, according to claim 7, further comprising a modified 
sHcer arrangement configured to produce an estimate of an original transmitted symbol. 

I A. A communication system, according to claim 13, wherein the modified slicer 
arrangement comprises: 

a slicer configured to estimate an output of the encoder; 

a filter having a response of ccZ~ N ; 

a summing arrangement configured to add an output of the slicer to an output of 
the fTker having a response of aZ~ N ; 

a subtracting arrangement configured to subtract the output of the filter liaving a 
response of aZ' H from an input of the modified slicer; 

an error estimation arrangement, coupled to both an input and the output of the 
slicer and configured to estimate a receiver error; and 

a modified error estimation arrangement, coupled to both an input and the 
output of the modified slicer and configured to estimate the receiver error. 

15. A communication system for communicating a data signal using a cable 
television transmission medium, the communication arrangement comprising: 

an encoder configured to encode an input data stream as an encoder output 

signal; 

a transmission filter arrangement* responsive Co the encoder output signal and 
configured to reduce adjacent channel interference in the encoder output signal and to 
generate n filter ouipur signal; 
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a modular, configured to modulate the filter output si^-A generating a 
modulated radio frequency signal for transmission using the cable television 
transmission medium; 

an analog front end arrangement, configured to sample a desired signal from the 
modulated radio frequency signal at less than the Nyquist rate and thereby to cause a 
shifr in a center frequency of the desired signal from an initial frequency to a lower 
frequency; 

a modified matched filter configured to perform a convolution of a square-root 
raised cosine filter and a pre-calculaied filter and to generate an modified matched filter 
output signal; 

an adaptive equalizer, responsive to the modified matched filter output signal 
and configured to generate an equalizer ourput signal; and 

a decoder, responsive to the equalizer output signal and configured to decode 
the equalizer output signal and to generate a stream of detected data. 

1 6, An analog front end arrangement for use in a communication system for 
communicating a data signal using a cable television transmission medium, comprising: 

a plurality of band pass filters coupled to receive a modulated radio frequency 
signal, each of the band pass filters centered around a different frequency wherein a 
sampling rate is less than the Nyquistrate so as to cause aliasing deliberately; 

a multiplexer coupled to receive output signals from the band pass filters and to 
couple a selected one of the band pass filter output signals to an output of the 
multiplexer; 

an analog to digital converter, responsive to the output of the multiplexer and to 
an output of a clock signal generator and configured to provide a digital signal, 
generated as a function of the output of the multiplexer and the output of the clock 
signal generator, to a digital receiver; and 
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sample rate logic configured to provide as a function of the center frequency, a 
select signal to the multiplexer, a rate parameter to the clock signal generator, and a 
spectrum inversion indication to the digital receiver, 

1 7. A transmission method for transmitting a data signal using a cable television 
transmission medium, the transmission method comprising: 

encoding an input data stream as an encoder output signal; 

filtering the encoder output signal to reduce adjacent channel interference in the 
encoder output signal, thereby generating a filter output signal; and 

modulating the filter output signal to generate a modulated radio frequency 
signal for transmission using the cable television transmission medium. 

18, A transmission merhod, according to claim 17, further comprising encoding the 
input dat% stream using a foi-ward error correction code. 

19, A transmission method, according to claim 1 8, wherein the forward error 
correction code is a Reed-Solomon encoding scheme, 

20, A communication method for communicating a data signal using a cable 
television transmission medium, the communication method comprising; 

encoding an input data stream as an encoder output signal; 

filtering the encoder output signal to reduce adjacent channel interference in the 
encoder output signal, thereby generating a filter output signal; 

modulating the filter output signal to generate a modulated radio frequency 
signal for transmission using the cable television transmission medium; 

receiving the modulated radio frequency signal; and 

generating a stream of detected data based on the received modulated radio 
frequency signal. 
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21 . A communication method, according to claim 20, further comprising: 

sampling a desired signal from the received modulated radio frequency signal at 
less than the Nyquist rate and causing thereby a shift in a center frequency of the 
desired signal from an initial frequency to a lower frequency; 

performing a convolution of a square-root raised cosine filter and a pre- 
calculated filter and to generate an modified matched filter output signal; 

generating an equalizer output signal as a function ofthe modified matched 
filter output signal; and 

decoding the equalizer output signal to generate the scream of detected data, 



22. A communication method according to claim 21 , further comprising; 

providing a select signal to the multiplexer as a function of the center frequency; 
providing a rate paramerer as a function ofthe center frequency; and 
providing a spectrum inversion indication as a function of the center frequency. 



23. A communication arrangement for communicating a data signal using a cable 
television transmission medium, the communication arrangement comprising: 

a 1 :N rate encoder, coupled to an input data stream and configured to reproduce 
a symbol or FEC block represented by a segment of the input data stream N times; 

a transmission arrangement configured to use a plurality of outputs to transmit 
each reproduced symbol or FEC block using a distinct transmission channel; and 

a receiver, coupled to the outputs ofthe transmission arrangement and 
configured to perform soft-combining of signals received from the outputs of the 
transmission arrangement and to output an estimate of the symbol or FEC block. 



24, A communication arrangement, according to claim 23, wherein the soft- 
combining comprises at least one of mean squared error estimation, identification of 
burst noise within a data packet, weighted combining, and selective combining. 
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25. A communication arrangement, according to claim 23, wherein one of the 
transmission channels is used to transmit an original message and the remaining 
transmission channels are used to perform retransmission. 

26. A communication arrangement, according to claim 23, wherein a plurality of 
information bits are used to represent a symbol to be transmitted, and wherein the 
transmission channels are used to transmit the information bits using a delay-encoded 
mapping scheme. 



27. A communication method for communicating a data signal using a cable 
television transmission medium, the communication method comprising: 

reproducing a symbol or FEC block represented by a segment of an input data 
stream a preselected number of times; 

using a plurality of transmission channels to transmit each reproduced symbol < 
FEC block using a distinct transmission channel; and 

performing sofWombining of signals received from the transmission channels. 

28. A communication method, according to claim 27, wherein the soiVcorobining 
comprises at least one of mean Bquared error estimation, identification of burst noise 
within a data packet, weighted combining, and selective combining. 

29. A communication method, according to claim 27, further comprising: 
transmitting an original message using one of the transmission channels; and 
performing retransmission using the remaining transmission channels. 

30. A communication method, according to claim 27, further comprising: 

using a plurality of information bits to represent a symbol to be transmitted; and 
using the transmission channels to transmit the information bits using a delay- 
encoded mapping scheme. 
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